Abstract. To reveal the molecular regulation mechanism of selective follicular atresia in porcine ovaries, we isolated the porcine cDNA encoding cellular FLICE-like inhibitory protein (cFLIP), which inhibits death receptor-mediated apoptosis signal transduction. Two alternative splicing isoforms of cFLIP, porcine cellular FLIP-short form (pcFLIPS, 642 bp and 214-aa) and -long form (pcFLIPL, 1446 bp and 482-aa), were identified from a cDNA library prepared from follicular granulosa cells of pig ovaries. pcFLIPS and pcFLIPL indicated high identities with human and murine cFLIP, and both of them contain two tandem specific amino acid regions (death effector domain: DED) in their Nterminal, suggesting that pcFLIPS and pcFLIPL inhibit the death receptor-mediated apoptosis signal by binding to other pro-apoptotic factors mediated by DED. pcFLIPS contains a short C-terminal region, while pcFLIPL has a caspase-like domain in the C-terminal region. The reverse transcriptionpolymerase chain reaction analysis revealed that both pcFLIPS and pcFLIPL mRNAs were highly expressed in granulosa cells of healthy follicles, suggesting that these cFLIPs play important roles in the regulation mechanism of apoptosis in ovarian follicular granulosa cells. The present data will contribute to understanding of the physiological roles of cFLIPs in the apoptosis regulation in porcine tissues.
contains an intracellular DD; (2) the intracellular DD of Fas interacts with the DD of the adaptor protein (Fas-associated death domain: FADD) through a homophilic DD interaction; (3) FADD activates an initiator caspase (procaspase-8, also called FLICE), which is a bipartite molecule, containing an N-terminal DED and a C-terminal DD [4, 5] ; (4) procaspase-8 begins auto-proteolytic cleavage and activation; (5) the activated caspase-8 cleaves downstream effector caspases (e.g. procaspase-3); and (6) finally apoptosis is induced [3, [6] [7] [8] .
Recently, a mammalian homologue of viral FLICE-like inhibitor protein (vFLIP), which inhibits receptor-mediated apoptosis in virus-infected cells, was identified and named cFLIP [9, 10] . Although multiple splice variants of cFLIP have been reported, only two isoforms, designated cFLIP short form (cFLIP S ) and cFLIP long form (cFLIP L ), could be detected in human proteins [9] . As shown in Fig. 1A , cFLIP S contains two tandem DEDs (DED1 and DED2), which procaspase-8 employs to aggregate to itself and to FADD, and is structurally similar to vFLIP [9] . cFLIP L has two DEDs (DED1 and DED2), which are identical to those of cFLIP S at the mRNA and amino acid level, and a caspase-like domain, in which the cysteine residue of the catalytic-center for caspase-8 is substituted by a tyrosine residue. Both cFLIP S and cFLIP L interact with FADD and procaspase-8 and potently inhibit cell death receptor-mediated apoptosis signal transduction [9] .
In mammalian ovaries, more than 99% of follicles undergo degenerative change, atresia, at various stages of their development. Apoptotic cell death in follicular granulosa cells plays a crucial role in the regulation of ovarian follicular atresia, but the mechanisms regulating intracellular apoptosis signal transduction are largely unknown [11] . Results of our previous studies have suggested that apoptosis and cell proliferation in granulosa cells are regulated by TNFR family proteins [12] [13] [14] . Moreover, we showed that the porcine granulosa cell is a type II apoptotic cell, which has the mitochondrion-dependent apoptosis-signaling pathway [15] . Briefly, after auto-proteolytic cleavage of procaspase-8 as described above, the activated caspase-8 cleaves Bid, and the truncated Bid releases cytochrome c from mitochondrion. Cytochrome c and ATP-dependent oligimerization of apoptotic protease-activating factor-1 (Apaf-1) allow recruitment of caspase-9 into the apoptosome complex. Activation of caspase-9 is mediated by means of conformational change. The activated caspase-9 cleaves downstream caspase-3, and apoptosis is induced [3] . Apoptosis is inhibited in growing follicles, called healthy follicles, but apoptosis occurs in granulosa cells of atretic follicles.
In the present study, we identified the porcine homologues of cFLIP S and cFLIP L as a first step toward elucidating the role of these anti-apoptotic proteins in the regulation of granulosa cell apoptosis during follicular growth and atresia.
Materials and Methods

Granulosa cell preparation
As previously reported [15, 16] , ovaries were obtained from mature sows weighing more than 120 kg at a local slaughterhouse, and then individual preovulatory antral follicles 3-5 mm in diameter were dissected from the ovaries under a surgical dissecting microscope (SZ40; Olympus, Tokyo, Japan). Each follicle was classified as morphologically healthy or atretic. Follicular fluid from each follicle was collected using a 1-ml syringe, separated by centrifugation at 3,000 g for 10 min at 4 C, frozen and kept at -80 C. After b i o c h e m i c a l a n a l y s e s w e r e p e r f o r m e d , progesterone and 17β-estradiol levels were retrospectively measured using [ 125 I]-RIA kits (BioMérieux, Marcy-l'Etolle, France) to confirm the classification of the follicles. Follicles with a progesterone/17β-estradiol ratio of less than 15 were classified as healthy. Then, each follicle was opened using fine forceps, and the oocyte-cumulus complex was removed. The granulosa layer, which contains only granulosa cells, was collected, and then granulosa cells were isolated by pipetting with Pasteur's pipettes and washed in phosphatebuffered saline (PBS; pH 7.4) by centrifugation at 600 g for 5 min.
RNA isolation
Total RNA was extracted from the isolated granulosa cells prepared from healthy follicles and other tissues [cerebellum, cerebrum, colon, heart, kidney, liver, lung, pancreas, small intestine (middle part of jejunum), spleen, stomach and thymus], using a RNeasy mini kit (Qiagen, Chatsworth, CA, USA), and then treated with a RNase-free DNase (Qiagen) to remove DNA contamination. All procedures were performed according to the manufacturer's protocols.
Expressed sequence tag (EST)-cloning and RNA ligase-mediated rapid amplification of cDNA ends (RLM-RACE)
The amino acid sequence for human cFLIP L (480 amino acids) was queried in dbEST (NCBI) using the TBLASTIN program to search for cDNA fragments for pcFLIP. Based on the EST cloning data, to obtain 5'-and 3'-ends of cDNA for pcFLIP, RLM-RACE was performed using a GeneRacer kit (Invitrogen, Carlsbad, CA, USA). Briefly, total RNA was treated with calf intestinal phosphatase (CIP) to remove the 5'-phosphates and eliminate truncated mRNA and non-mRNA from subsequent ligation with a GeneRacer RNA oligo (5'-CGACU GGAGC ACGAG GACAC UGACA UGGAC UGAAG GAGUA GAAA-3'). The dephosphorylated RNA was treated with tobacco acid pyrophosphatase (TAP) to remove the 5'-cap structure from the intact full-length mRNA. 5'-phosphate removal is required for ligation to the GeneRacer RNA oligo. The GeneRacer RNA oligo was ligated to the 5'-end of the mRNA using T4 RNA ligase. The ligated mRNA was reverse transcribed by SuperScript III reverse transcriptase and the GeneRacer oligo dT primer (5'-GCTGT CAACG ATACG CTACG TAACG GCATG ACAGT G (T)24-3') to create RACE-ready first-strand cDNA with known priming sites at the 5'-and 3'-ends. To obtain 5'-ends, we conducted RACE-PCR using a 3'-gene specific primer (3'-GSP: 5'-GGCAG AGATG C C T G G A G A G C A T T T A C G -3 ' ) a n d t h e GeneRacer 5'-primer (5'-CGACT GGAGC ACGAG GACAC TGA-3'). To obtain 3'-ends, we amplified the first-strand cDNA using a 5'-gene specific primer (5'-GSP: 5'-CCTGG TTGCT CCAGA TCACT TGGA-3') and the GeneRacer 3'-primer (5'-GGACA CTGAC ATGGA CTGAA GGAGT A-3'). All procedures were performed according to the manufacturer's instructions.
RT-PCR analyses for pcFLIPS and pcFLIPL
Total RNA was reverse-transcribed using a Tprimed first-strand kit (Amersham, Piscataway, NJ, USA) to synthesize cDNA. Full-length cDNAs for pcFLIP S and pcFLIP L were amplified by highfidelity PCR using Platinum pfx Taq DNA polymerase (Invitrogen). The PCR primers were as follows (pcFLIPS; 5'-UTR forward primer: 5'-TCCTC CATTG GAAAG GATTC TGA-3' and 3'-UTR reverse primer: 5'-TGCAT TAGCT TTGCA TGAGA AT-3', and pcFLIPL; 5'-UTR forward primer: 5'-TCCTC CATTG GAAAG GATTC TGA-3' and 3'-UTR reverse primer: 5'-GCTAA GAGGG GCCTT TGGCT CT-3'). The hot-start PCR cycle was as follows: 2 min at 94 C, followed by 30 cycles of 30 sec at 94 C, 30 sec at 55 C and 2 min at 68 C, then a final extension period of 10 min at 68 C.
To 3 3 3 b p ) . G l y c e r a l d e h y d e dehydrogenase (GAPDH; used as an intrinsic control) was amplified using the following primers (forward primer, 5'-GAGTC CACTG GTGTC TTCAC G-3', and reverse primer, 5'-ATGAG TCCCT CCACG ATGC-3', expected PCR product size, 236 bp). The hot-start PCR cycle for pcFLIP S , pcFLIPL and GAPDH was as follows: 5 min at 94 C, followed by 22 cycles of 1 min at 94 C, 1 min at 55 C and 1 min at 72 C, and then a final extension period of 10 min at 72 C. Based on PCR kinetics analyses, the 22 cycles in each PCR reaction was within the logarithmic amplification phase. All procedures were performed according to the manufacturer's protocols. PCR products were electrophoresed in 2% agarose gels and stained with SYBR Green I nucleic acid stain (Molecular Probes). Ready-load 1 kb DNA ladder (Invitrogen) was used as a molecular weight marker for electrophoresis. After electrophoresis, the stained gels were recorded with a digital fluorescence-recorder (LAS-1000; Fuji Film, Tokyo, Japan), and at each mRNA expression level, the fluorescence intensity of each band of PCR product, was quantified using ImageGauge (Fuji Film) on a Macintosh computer. The relative abundance of specific mRNA was normalized to the abundance of GAPDH mRNA. 
Sequencing analyses for pcFLIPS and pcFLIPL
RML-RACE products and full-length open reading frames of pcFLIP S and pcFLIP L were cloned into pCR4-TOPO TA-cloning vector (Invitrogen) and analyzed with an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. Sequence data have been deposited in GeneBank under the accession numbers AY533020 and AY533021 (pcFLIP S and pcFLIP L , respectively). Homology analyses were performed using FASTA.
Results and Discussion
Cloning of pcFLIPS and pcFLIPL cDNA
First, we cloned a partial sequence for pcFLIP from dbEST (NCBI) based on an alignment analysis of the human cFLIP L amino acid sequence, and found a 573 bp porcine EST clone (GeneBank accession number: BI344142) in dbEST. The porcine EST clone had approximately 75% homology with the amino acid sequences common to human cFLIP S and cFLIP L , suggesting that the porcine EST clone is a partial sequence for pcFLIP S and pcFLIP L . Then we designed 5'-and 3'-gene specific primers based on the sequence of the porcine EST clone, and performed RML-RACE. We obtained two 5'-RACE products (approximately 750 and 800 bp) and two 3'-RACE products (approximately 380 and 1200 bp). The 750 bp 5'-RACE product contained a start codon for pcFLIP S , and the 800 bp 5'-RACE product contained a start codon for pcFLIPL. On the other hand, the 380 bp 3'-RACE product contained a stop codon for pcFLIP S , and the 1200 bp 3'-RACE product contained a stop codon for pcFLIPL. Full-length open reading frames of pcFLIP S and pcFLIP L were a m p li f i e d b y h i g h -f i d e l i t y P C R , a n d t h e n sequencing analyses were performed for these PCR products. The open reading frame for pcFLIPS consisted of 642 bp (214-aa) (Fig. 1B) , and that for pcFLIP L consisted of 1446 bp (482-aa) (Fig. 1C) .
Structural characterization and comparison of cFLIP among mammalian species
pcFLIPS contained two DEDs (DED1: 1-74, 74-aa and DED2: 93-171, 79-aa) (Fig. 1A and B) . pcFLIP L contained two DEDs (DED1: 1-74, 74-aa and DED2: 93-171, 79-aa) and an additional caspase-like domain (244-482, 239-aa) (Fig. 1A and C) . In the caspase-like domain of pcFLIP L , the amino acid corresponding to the active site cysteine residue (C360) for caspase-8 was substituted with a tyrosine residue (Y362) (Fig. 1C, first asterisk) . Moreover, a histidine residue (H317), which is essential for the catalytic activity of caspase-8, was substituted with an arginine residue (R317) (Fig.  1C, second asterisk) . Previous studies on mutant caspases [7, 17, 18] have suggested that the proteolytical activity of the caspase-like domain in pcFLIPL is not functional.
As shown in Table 1 , the entire protein sequence for pcFLIP S had 79 and 71% identity with human and murine cFLIP S , respectively. On the other hand, the entire protein sequence for pcFLIP L had 76 and 68% identity with human and murine cFLIP L , respectively. When we focused on the protein sequence for common DEDs of pcFLIP S and pcFLIPL, we found a higher level of identity; DED1 and DED2 indicated 88 and 84% identity with that of human cFLIP S/L , and 74 and 76% identity with that of murine cFLIPS/L, respectively. These results imply that the major function of cFLIP proteins is conserved between mammalian homologues, that is, the DEDs of pcFLIPS and pcFLIPL interact with the DEDs of the adaptor protein (FADD) and initiator caspase (procaspase-8) [9] and this DED to D E D i n t e r a c t i o n m a y b l o c k t h e c a s p a s e -8 activation. The caspase-like domain of pcFLIPL had 74 and 65% identity with that of human and murine cFLIP L , respectively. Based on these findings, we presume that pcFLIPS and pcFLIPL have a similar function to human and murine cFLIP S and cFLIP L , and that they act as an antagonist for Fas and TNF receptors mediating apoptosis in granulosa cells of porcine ovaran follicles.
Tissue distribution of pcFLIPS and pcFLIPL mRNAs
We confirmed the expression patterns of pcFLIP S and pcFLIP L mRNAs in various porcine tissues (cerebellum, cerebrum, colon, heart, kidney, liver, lung, pancreas, small intestine, spleen, stomach and thymus) by RT-PCR analyses. Higher expression levels of pcFLIP S mRNA were observed in the colon, heart and lung. pcFLIPL was highly expressed in the heart and thymus. Both pcFLIP S and pcFLIP L mRNAs were highly expressed in follicular granulosa cells prepared from healthy follicles ( Fig. 2A and B) . Interestingly, the ratio of pcFLIP S and pcFLIP L mRNA expression levels appeared to be different among tissues, suggesting that the physiological functions of pcFLIP S and pcFLIP L may be different in each porcine tissue.
In conclusion, the present study is the first report on the isolation and sequencing of porcine homologues of cFLIP S and cFLIP L and their structural characterization. They may act as antiapoptotic/survival factors, and their physiological function may be similar to that of human and murine homologues. The present data will help to reveal the functional roles of cFLIP proteins in the porcine tissues, especially in granulosa cells of ovarian follicles. Further in vivo and in vitro studies will elucidate the largely unknown molecular mechanisms of selective follicular atresia in porcine ovaries.
